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tively  detect  the  EOB  code,  zigzag  scanning  is 
carried  out  in  each  block.  The  encoding  system 
may  be  referred  to  as  an  EOB  code  system  and  is 
effective  to  reduce  redundancy  of  the  coefficients. 

5  Furthermore,  still  another  conventional  encod  -  
ing  system  carries  out  the  anterior  processing  by 
adaptively  scanning  the  transform  coefficients  of 
each  block  in  various  manners  to  decide  an  opti  -  
mum  one  of  scanning  operations  that  gives  a 

io  maximum  length  of  continuation  of  nonsignificant 
coefficients  after  a  final  significant  transform  co -  
efficient.  This  system  may  be  called  a  scanning 
encoder  system  and  is  helpful  to  reduce  an  amount 
of  information  to  be  transmitted. 

75  Herein,  it  is  to  be  noted  here  that  significant 
transform  coefficients  have  a  tendency  to  be  iso  -  
lated  from  the  other  significant  transform  coeffi  -  
cients  in  the  high  frequency  zone,  although  such 
isolated  significant  transform  coefficients  seldom 

20  appear  in  the  high  frequency  zone,  as  mentioned 
before. 

According  to  the  inventors'  experimental  stud  -  
ies,  it  has  been  found  out  that  removal  or  neglec  -  
tion  of  the  isolated  significant  transform  coefficients 

25  enables  a  considerable  reduction  of  an  amount  of 
information  but  brings  about  a  reduction  of  a  pic  -  
ture  quality  from  time  to  time.  Accordingly,  the 
experimental  studies  say  that  complete  neglection 
of  the  isolated  significant  coefficients  in  the  high 

30  frequency  zone  is  not  favorable  in  the  light  of  a 
reduction  of  the  picture  quality. 

At  any  rate,  the  transform  coefficients  are 
quantized  by  a  quantizer  into  a  sequence  of  quan  -  
tized  signals  after  the  above-mentioned  anterior 

35  processing  and  are  thereafter  usually  subjected  by 
an  encoding  unit  to  variable  length  encoding  which 
may  be  called  posterior  processing.  Such  posterior 
processing  is  carried  out  by  the  use  of  a  single 
conversion  table  between  the  quantized  signals  and 

40  variable  length  codes.  This  means  that  the  trans  -  
form  coefficients  are  encoded  by  the  same  con  -  
version  table,  irrespective  of  the  fact  that  they  are 
present  in  the  low  and  the  high  frequency  zones. 
However,  it  has  been  also  confirmed  that  the  use  of 

45  the  same  conversion  table  is  not  favorable  in  view 
of  accomplishing  a  high  efficiency  because  of  the 
local  concentration  of  the  transform  coefficients  as 
mentioned  before. 

The  US  -A-  4  189  748  describes  a  video 
50  bandwidth  reduction  system.  A  reduction  in  band  -  

width  of  two-dimensional  video  data  is  obtained 
by  the  two  -  dimensional  transformation  of  the  vid  -  
eo  data  by  means  of  one  of  a  class  of  fast  trans  -  
formations  followed  by  the  elimination  of  certain 

55  non  -  significant  transform  coefficients  prior  to  the 
transmission  of  the  transformed  data.  The  lower  -  
order  transform  coefficients  or  "zonal  coefficients" 
which  are  usually  significant  in  size  are  always 

Description 

This  invention  relates  to  an  encoding  system 
for  use  in  carrying  out  encoding  of  a  sequence  of 
digital  signals  into  a  sequence  of  encoded  signals 
with  a  high  efficiency.  It  is  to  be  noted  here  that  the 
digital  signal  sequence  may  convey  an  audio  sig  -  
nal,  although  description  will  be  made  about  an 
image  signal,  and  that  such  encoding  will  be  called 
efficient  coding  in  the  instant  specification. 

In  order  to  carry  out  efficient  coding  of  the  type 
described,  a  sequence  of  digital  signals  is  sub-  
divided  in  each  frame  into  a  plurality  of  blocks  and 
is  subjected  to  a  predetermined  linear  transform  in 
the  respective  blocks.  Such  a  linear  transform  may 
be,  for  example,  Hadamard  transform,  Haar  trans- 
form,  Karhunen  -  Loeve  transform,  Discrete  Cosine 
transform,  or  the  like,  and  may  collectively  be 
called  an  orthogonal  transform.  At  any  rate,  the 
digital  signals  of  each  block  are  converted  into 
transform  coefficients  which  have  a  statistic  dis- 
tribution  in  a  frequency  region  between  a  d.c. 
component  zone  and  a  high  frequency  zone  and 
which  have  variable  levels  of  electric  power. 

It  is  known  in  the  art  that  electric  power  of  the 
transform  coefficients  is  locally  distributed  or  con  -  
centrated  on  a  local  frequency  zone  which  includes 
the  d.c.  component  and  a  low  frequency  near  the 
d.c.  component.  This  shows  that  non  -zero  or 
significant  ones  of  the  transform  coefficients  mainly 
appear  in  the  low  frequency  zone  and  scarcely 
appear  in  the  high  frequency  zone  while  zero  or 
nonsignificant  ones  of  the  transform  coefficients 
mainly  appear  in  the  high  frequency  zone.  Such 
nonsignificant  coefficients  need  not  always  be 
transmitted  through  a  transmission  line. 

Under  the  circumstances,  the  transform  co -  
efficients  are  preliminarily  processed  prior  to 
quantization  of  the  transform  coefficients,  which  will 
be  called  anterior  processing.  A  conventional  en  -  
coding  system  monitors  as  the  anterior  processing 
a  distribution  of  the  significant  coefficients  in  each 
of  the  blocks  to  determine  a  minimum  zone  which 
covers  all  of  the  significant  coefficients  and  to 
transmit  only  the  coefficients  of  the  minimum  zone, 
together  with  a  code  assigned  to  the  minimum 
zone  in  question.  This  encoding  system  may  be 
called  a  zone  detection  system.  With  this  zone 
detection  system,  transmission  is  not  carried  out  as 
regards  nonsignificant  coefficients  which  are  out- 
side  of  the  minimum  zone. 

Alternatively,  another  conventional  encoding 
system  detects  a  final  significant  coefficient  in  each 
block  and  produces  an  End  Of  Block  (EOB)  code 
which  is  representative  of  continuation  of  nonsig  -  
nificant  coefficients  after  the  EOB  code.  Such  de  -  
tection  and  production  of  the  EOB  code  are  carried 
out  as  the  anterior  processing.  In  order  to  effec- 
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transmitted.  Higher  -order  transform  coefficients  of 
a  significant  size,  however,  are  selected  by  an 
adaptive  filter  and  are  selectively  transmitted.  The 
zonal  coefficients  are  predetermined  or  invariable 
in  number  and  are  always  transmitted.  Thus,  the 
coding  methods  are  varied  within  a  predetermined 
zone  of  the  zonal  coefficients  and  outside  the  pre  -  
determined  zone. 

Summary  of  the  Invention 

It  is  an  object  of  this  invention  to  provide  an 
encoding  system  which  is  capable  of  considerably 
reducing  an  amount  of  information  to  be  transmit- 
ted,  without  any  degradation  of  quality  of  a  picture 
reproduced  and  which  can  effectively  process, 
prior  to  quantization,  significant  transform  coeffi  -  
cients  isolated  in  a  high  frequency  zone  from  the 
other  transform  coefficients. 

This  object  is  solved  with  the  features  of  the 
claims. 

This  encoding  system  can  establish  a  high 
efficiency  of  encoding  after  quantization  of  a 
transform  coefficient  sequence. 

It  is  also  useful  for  carrying  out  variable  length 
encoding  of  a  sequence  of  quantized  signals. 

The  encoding  system  according  to  the  inven  -  
tion  can  avoid  the  degradation  of  an  effect  of 
information  compression  which  results  from  mis- 
adjustment  between  a  distribution  of  transform  co  -  
efficients  and  variable  length  encoding  character- 
istics. 

Fig.  1  is  a  view  for  use  in  describing  coefficients 
distributed  on  a  block; 
Fig.  2  is  a  graphical  representation  for  use  in 
describing  signal  levels  of  the  coefficients  which 
appear  on  sequentially  scanning  the  coefficients 
illustrated  in  Fig.  1  ; 
Fig.  3  is  a  graphical  representation  for  use  in 
describing  anterior  processing  of  the  coefficients 
shown  in  Fig.  2; 
Figs.  4(A)  and  (B)  are  views  for  describing  zone 
or  area  detection  which  can  be  used  in  this 
invention; 
Figs.  5(A)  and  (B)  are  views  for  describing  zig  -  
zag  scanning  which  can  be  used  in  this  inven  -  
tion; 
Fig.  6  is  a  block  diagram  of  an  encoding  system 
according  to  a  first  embodiment  of  this  inven  -  
tion; 
Fig.  7  is  a  view  for  use  in  describing  operation 
of  a  part  of  the  encoding  system  illustrated  in 
Fig.  6; 
Fig.  8  is  a  view  for  use  in  describing  another 
operation  of  the  part  of  the  encoding  system 
illustrated  in  Fig.  6; 
Fig.  9  is  a  block  diagram  of  an  encoding  system 
according  to  a  second  embodiment  of  this  in  -  

vention; 
Fig.  10  is  a  block  diagram  of  an  encoding  sys -  
tem  according  to  a  third  embodiment  of  this 
invention; 

5  Fig.  11  is  a  view  for  use  in  describing  a  portion 
of  the  encoding  system  illustrated  in  Fig.  10; 
Fig.  12  is  a  view  for  use  in  describing  another 
portion  of  the  encoding  system  illustrated  in  Fig. 
10;  and 

io  Fig.  13  is  a  block  diagram  of  an  encoding  sys -  
tem  according  to  a  fourth  embodiment  of  this 
invention. 

Referring  to  Figs.  1  and  2,  description  will  be 
made  as  regards  principles  of  this  invention  for  a 

is  better  understanding  of  this  invention.  In  Fig.  1,  an 
illustration  is  made  about  a  sequence  of  significant 
coefficients  (depicted  at  crisscrosses)  which  result 
from  an  orthogonal  transform,  such  as  Hadamard 
or  Discrete  Cosine  transform,  of  a  sequence  of 

20  image  signals  and  which  are  arranged  in  a  single 
one  of  blocks  shown  by  a  rectangle.  As  regards  a 
horizontal  direction  H  of  Fig.  1,  the  coefficients  are 
arranged  from  a  lefthand  side  towards  a  righthand 
side  as  the  coefficients  become  high  in  frequency. 

25  As  regards  a  vertical  direction  V,  the  coefficients 
are  arranged  downwards  as  the  coefficients  b e -  
come  high  in  frequency.  In  this  connection,  a  d.c. 
component  of  the  coefficient  is  placed  at  an  up-  
permost  and  leftmost  position  of  Fig.  1. 

30  As  understood  from  Fig.  1,  the  coefficients  are 
mainly  concentrated  on  a  low  frequency  zone  along 
the  horizontal  and  vertical  directions  while  they  are 
seldom  on  a  high  frequency  zone  along  the  hori  -  
zontal  and  vertical  directions.  This  means  that 

35  electric  power  of  low  frequency  components  of  the 
coefficients  is  greater  than  electric  power  of  high 
frequency  components  of  the  coefficients. 

It  is  to  be  noted  here  that  the  high  frequency 
components  of  the  significant  coefficients  are  apt  to 

40  be  isolated  from  the  other  significant  coefficients, 
as  depicted  at  A  and  B.  The  illustrated  high  fre- 
quency  components  A  and  B  may  be  called  first 
and  second  high  frequency  components,  respec- 
tively,  and  are  assumed  to  have  high  and  low 

45  levels  of  electric  power.  Therefore,  neglection  of 
the  first  frequency  component  A  gives  rise  to  se  -  
rious  degradation  of  a  picture  quality  while 
neglection  of  the  second  frequency  component  B 
hardly  degrades  the  picture  quality. 

50  Temporarily  referring  to  Fig.  2,  let  the  coeffi  -  
cients  illustrated  in  Fig.  1  be  sequentially  scanned 
from  the  d.c.  component  along  the  horizontal  di  -  
rection  and  thereafter  vertically  scanned  in  a  usual 
manner.  Such  scanning  will  be  referred  to  as  s e -  

55  quential  scanning  and  brings  about  a  signal  vari  -  
ation  as  exemplified  in  Fig.  2.  For  convenience  of 
description,  a  two-dimensional  arrangement  of  the 
significant  coefficients  is  rearranged  in  a  one- 
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dimensional  arrangement  in  the  order  of  scanning 
in  Fig.  2.  In  this  connection,  the  significant  coeffi  -  
cients  are  arranged  from  low  frequency  compo- 
nents  to  high  frequency  ones  in  a  direction  from 
the  lefthand  side  of  an  abscissa  towards  the  right  -  
hand  side.  Each  component  of  the  significant  co  -  
efficients  has  a  signal  level  of  electric  power,  as 
shown  along  an  ordinate  of  Fig.  2. 

As  illustrated  in  Fig.  2,  the  second  frequency 
component  B  is  higher  in  frequency  than  the  first 
frequency  component  A  and  is  lower  in  electric 
power  than  the  latter.  In  Fig.  2,  a  nonsignificant 
coefficient  C  is  present  as  a  third  frequency  com  -  
ponent  in  the  lower  frequency  zone. 

In  usual  quantization,  the  coefficients  are  a s -  
sumed  to  be  quantized  into  a  sequence  of  quan  -  
tized  signals  by  the  use  of  first,  second,  third,  and 
fourth  quantization  levels  QL1  ,  QL2,  QL3,  and  QL4, 
respectively.  In  this  event,  quantization  is  carried 
out  not  only  about  the  first  frequency  component  A 
but  also  the  second  frequency  component  B  b e -  
cause  the  first  and  the  second  frequency  compo  -  
nents  A  and  B  exceed  the  first  quantization  level 
QL1. 

According  to  this  invention,  a  threshold  level 
TH  is  selected,  for  example,  between  the  first  and 
the  second  quantization  levels  QL1  and  QL2,  as 
shown  at  a  broken  line  in  Fig.  2,  and  is  used  to 
determine  a  significant  area  which  is  defined  in 
each  block  in  a  manner  to  be  described.  In  this 
event,  the  second  frequency  component  B  is 
judged  to  be  outside  of  the  significant  area  and 
neglected  because  the  second  frequency  compo  -  
nent  B  is  lower  than  the  threshold  level  TH  as 
illustrated  in  Fig.  2.  In  other  words,  the  second 
frequency  component  B  is  placed  inside  of  a  non  -  
significant  area  and  judged  to  be  invalid  while  the 
third  frequency  component  C  in  the  significant  area 
is  judged  to  be  valid.  Such  judgement  is  possible 
by  monitoring  the  order  of  scanning  the  coefficients 
in  addition  to  the  signal  levels  of  the  coefficients. 

After  the  significant  area  is  determined  by  the 
use  of  the  threshold  level  TH,  quantization  is  car-  
ried  out  only  about  the  significant  coefficients 
placed  within  the  significant  area.  By  determining 
the  significant  area  in  each  block,  it  is  possible  to 
considerably  reduce  an  amount  of  information,  as 
will  become  clear  later. 

Referring  to  Fig.  3,  let  the  coefficients  illus- 
trated  in  Fig.  2  be  processed  or  encoded  with 
reference  to  the  first  through  fourth  quantization 
levels  QL1  to  QL4  in  a  digital  manner  into  a  digital 
signal  shown  in  Fig.  3.  When  the  second  frequency 
component  B  is  encoded  with  the  threshold  level 
TH  (Fig.  2)  left  out  of  consideration,  encoding  must 
be  carried  out  within  a  first  range  F1  from  the  d.c. 
component  to  the  second  frequency  component  B, 
although  no  encoding  is  carried  out  between  the 

second  frequency  component  B  and  the  block  end. 
On  the  other  hand,  when  the  significant  area  is 
defined  with  reference  to  the  threshold  level  TH, 
encoding  may  be  carried  out  in  a  second  range  F2 

5  between  the  d.c.  component  and  the  first  frequency 
component  A.  Accordingly,  no  encoding  may  be 
carried  out  in  a  third  range  F3  between  the  first  and 
the  second  frequency  components  A  and  B.  In  this 
event,  the  third  frequency  component  C  (Fig.  2)  is 

io  processed  as  a  valid  component  because  it  is 
present  in  the  significant  area  defined  by  the 
threshold  level  TH. 

Referring  to  Figs.  4(A)  and  4(B),  it  is  assumed 
that  zone  detection  as  mentioned  in  the  preamble 

is  of  the  instant  specification  is  used  to  detect  a 
significant  area  of  the  significant  coefficients  dis- 
tributed  in  the  manner  illustrated  in  Fig.  1.  As 
shown  in  Fig.  4(A),  no  consideration  of  the  thresh  -  
old  level  TH  (Fig.  2)  provides  a  first  minimum  zone 

20  Z1  including  the  first  and  the  second  frequency 
components  A  and  B.  On  the  other  hand,  consid  -  
eration  of  the  threshold  level  TH  results  in  a  re -  
duction  of  the  first  minimum  zone  Z1  to  a  second 
minimum  zone  Z2  excluding  the  second  frequency 

25  component  B.  Thus,  the  zone  detection  is  effective 
to  determine  the  significant  area  with  reference  to 
the  threshold  level  TH. 

Referring  to  Figs.  5(A)  and  5(B),  zigzag  scan  -  
ning  may  be  used  to  define  the  significant  area  in 

30  connection  with  the  arrangement  of  the  significant 
coefficients  illustrated  in  Fig.  1.  When  the  second 
frequency  coefficient  B  is  judged  to  be  significant 
or  valid,  the  zigzag  scanning  must  be  continued 
until  the  second  frequency  component  B.  However, 

35  the  zigzag  scanning  can  be  stopped  at  the  first 
frequency  component  A  when  the  second  fre- 
quency  component  B  is  neglected  with  reference 
to  the  threshold  level  TH. 

As  readily  understood  from  Fig.  5(B),  it  is 
40  possible  to  considerably  reduce  a  scanning  area  by 

neglecting  the  second  frequency  component  B  in 
relation  to  the  threshold  level  TH.  Thus,  the  zigzag 
scanning  can  be  also  used  to  determine  the  sig  -  
nificant  area. 

45  An  EOB  code  may  be  produced  to  specify  a 
final  one  of  the  coefficients  in  each  block  when  the 
zigzag  scanning  is  carried  out. 

In  addition,  the  significant  area  can  be  deter- 
mined  by  the  use  of  an  adaptive  scanning  tech  -  

50  nique  wherein  optimum  scanning  is  selected  from 
horizontal  scanning,  vertical  scanning,  and  zigzag 
scanning. 

Embodiments 

Referring  to  Fig.  6,  an  encoding  system  a c -  
cording  to  a  first  embodiment  of  this  invention  is 
supplied  with  a  sequence  of  input  signals  IN  which 

55 
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may  be  given  a  digital  form.  The  input  signals  IN 
may  be  a  predictive  error  signal  derived  from  an 
image  signal  in  a  manner  described,  for  example, 
in  United  States  Patent  Application  Serial  No. 
29,565  filed  March  24,  1987,  by  M.  Kaneko  et  al. 
The  input  signal  sequence  therefore  carries  a 
succession  of  picture  elements.  The  input  signal 
sequence  IN  is  divided  into  a  succession  of  frames 
and  given  to  a  block  division  circuit  11  to  be 
subdivided  into  a  sequence  of  blocks  in  the  re -  
spective  frames.  Such  a  block  division  circuit  1  1  is 
known  in  the  art  and  will  not  be  described  any 
longer.  The  block  division  circuit  11  produces  a 
sequence  of  subdivided  input  signals  as  a  s e -  
quence  of  digital  signals  DG  and  supplies  the 
digital  signal  sequence  DG  to  a  linear  transform 
circuit  12  for  carrying  out  a  predetermined  linear 
transform,  such  as  discrete  cosine  transform  or  the 
like. 

In  the  linear  transform  circuit  12,  the  digital 
signal  sequence  DG  is  subjected  in  a  known  man  -  
ner  to  the  predetermined  linear  transform  into  a 
sequence  of  coefficients.  As  known  in  the  art,  the 
picture  elements  of  a  preselected  number  N1  x  N2 
are  transformed  into  the  coefficients  of  the  same 
number.  Let  the  coefficient  sequence  be  divided 
into  a  sequence  of  coefficient  blocks  each  of  which 
includes  the  coefficients  equal  in  number  to  the 
picture  elements  included  in  each  block. 

In  Fig.  6,  the  coefficient  sequence  is  produced 
as  a  sequence  of  coefficient  signals  CO  and  sub  -  
jected  to  anterior  or  preliminary  processing  prior  to 
quantization  which  is  carried  out  in  a  quantizer  15. 
In  order  to  carry  out  the  anterior  processing,  the 
illustrated  encoding  system  comprises  a  threshold 
circuit  16  for  producing  a  threshold  signal  th  which 
is  representative  of  a  threshold  level  TH  exempli  -  
fied  in  Fig.  2.  A  comparator  17  is  supplied  with  the 
coefficient  signal  sequence  CO  and  the  threshold 
signal  th.  The  comparator  17  successively  com- 
pares  each  of  the  coefficients  with  the  threshold 
level  in  the  respective  blocks  to  produce  a  com  -  
parison  result  signal  CR  representative  of  results  of 
comparison  in  the  respective  blocks.  In  other 
words,  the  comparison  result  signals  CR  represent 
whether  the  coefficients  are  greater  or  not  greater 
than  the  threshold  level  TH. 

The  comparison  result  signals  CR  are  delivered 
to  a  classifying  circuit,  depicted  at  a  broken  line 
block  20,  together  with  the  coefficient  signal  s e -  
quence  CO.  The  classifying  circuit  20  comprises 
an  area  decision  circuit  21  operable  in  response  to 
the  comparison  result  signal  CR  to  decide  a  sig  -  
nificant  area  which  includes  significant  ones  of  the 
coefficients.  To  this  end,  the  area  decision  circuit 
21  may  carry  out  a  preselected  operation  selected 
from  the  zone  detection,  the  zigzag  scanning,  and 
the  adaptive  scanning  in  a  known  manner.  How- 

ever,  it  should  be  noted  that  the  comparison  result 
signals  CR  are  subjected  to  such  a  preselected 
operation  in  the  respective  blocks. 

Let  the  zone  detection  be  carried  out  in  the 
5  area  decision  circuit  21  so  as  to  determine  the 

significant  area  for  the  comparison  result  signals 
CR.  In  this  event,  an  optimum  area  is  selected  as 
the  significant  area  from  a  plurality  of  candidate 
areas  in  the  area  decision  circuit  21  . 

io  Temporarily  referring  to  Fig.  7,  first  through 
third  ones  CD1  to  CD3  of  the  candidate  areas  are 
exemplified  which  are  prepared  in  the  area  d e -  
cision  circuit  21.  The  first  candidate  area  CD1  is 
elongated  in  a  vertical  direction  while  the  second 

is  candidate  area  CD2  is  extended  along  a  horizontal 
direction.  In  addition,  the  third  candidate  area  CD3 
is  of  a  sector  shape. 

In  the  area  decision  circuit  21,  the  comparison 
result  signals  CR  are  collected  and  memorized  in  a 

20  memory  (not  shown)  to  be  collated  with  each  of  the 
candidate  areas,  as  shown  in  Fig.  7.  More  specifi  -  
cally,  significant  ones  of  the  comparison  result 
signals  are  distributed  in  the  memory  to  show  a 
distribution  specified  by  an  area  outline  or  con  -  

25  figuration  similar  to  either  one  of  the  candidate 
areas.  Each  of  the  candidate  areas  is  successively 
compared  with  the  area  configuration  to  select  a 
minimum  one  of  the  candidate  areas  that  includes 
all  of  the  significant  comparison  result  signals.  A 

30  result  of  selection  is  produced  from  the  area  d e -  
cision  circuit  21  as  a  significant  area  signal  AS 
(Fig.  6)  to  specify  which  one  of  the  candidate  areas 
is  selected. 

Alternatively,  the  zigzag  scanning  is  assumed 
35  to  be  used  in  the  area  decision  circuit  21  so  as  to 

decide  the  significant  area.  In  this  case,  the  com  -  
parison  result  signals  are  scanned  at  every  block 
on  the  memory  of  the  area  decision  circuit  21  in 
the  manner  illustrated  in  Figs.  5(A)  and  5(B). 

40  Referring  to  Fig.  8,  the  significant  comparison 
result  signals  CR  (Fig.  6)  are  depicted  at  cris- 
scrosses  and  scanned  in  a  zigzag  manner  as 
shown  by  a  solid  line.  Such  zigzag  scanning  is 
progressive  from  the  low  frequency  component 

45  towards  the  high  frequency  components.  When  a 
final  one  of  the  significant  comparison  result  sig  -  
nals  is  scanned  in  the  above-mentioned  manner, 
zero  or  nonsignificant  ones  of  the  comparison  re  -  
suit  signals  follows  the  final  significant  comparison 

50  result  signal  until  a  block  end,  as  shown  by  a 
broken  line  in  Fig.  8.  The  nonsignificant  compari  -  
son  result  signals  need  not  always  be  encoded.  In 
other  words,  the  zigzag  scanning  may  be  stopped 
at  the  final  significant  comparison  result  signal. 

55  When  no  zigzag  scanning  is  carried  out  as  regards 
the  nonsignificant  comparison  result  signals  fol  -  
lowing  the  final  significant  comparison  result  signal, 
the  EOB  (end  of  block)  code  is  substituted  for  the 
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nonsignificant  comparison  result  signals.  The  zig  -  
zag  scanning  becomes  effective  as  the  nonsig  -  
nificant  comparison  result  signals  becomes  long. 

It  is  also  possible  to  produce  the  number  of  the 
significant  comparison  result  signals  instead  of  the 
EOB  code.  At  any  rate,  the  significant  area  signal 
AS  is  produced  from  the  area  decision  circuit  21 
until  production  of  the  EOB  code  or  detection  of 
the  final  significant  comparison  result  signal. 

Furthermore,  the  adaptive  scanning  may  be 
used  to  decide  the  significant  area  in  the  area 
decision  circuit  21  illustrated  in  Fig.  6.  In  the 
adaptive  scanning,  optimum  scanning  is  selected 
from  the  vertical  scanning,  the  horizontal  scanning, 
and  the  zigzag  scanning  by  monitoring  a  length  of 
nonsignificant  comparison  result  signals  following  a 
final  one  of  significant  comparison  result  signals. 
Specifically,  each  length  of  the  nonsignificant 
comparison  result  signals  is  calculated  on  carrying 
out  the  vertical  scanning,  the  horizontal  scanning, 
and  the  zigzag  scanning.  As  the  optimum  scanning, 
decided  is  either  one  of  the  vertical  scanning,  the 
horizontal  scanning,  and  the  zigzag  scanning  that 
provides  a  maximum  length  of  the  nonsignificant 
comparison  result  signals.  Let  the  significant  com  -  
parison  result  signals  have  distributions  illustrated 
at  CD1,  CD2,  and  CD3  in  Fig.  7.  A  selected  one  of 
the  vertical  scanning,  the  horizontal  scanning,  and 
the  zigzag  scanning  is  decided  as  the  optimum 
scanning  in  connection  with  the  distributions  CD1, 
CD2,  and  CD3,  as  readily  seen  from  Fig.  7. 

Thus,  the  scannings  are  switched  from  one  to 
another  in  the  adaptive  scanning.  This  shows  that 
the  optimum  scanning  may  be  different  from 
scanning  carried  out  as  regards  the  coefficients  in 
the  block  division  circuit  1  1  and  that  the  coeffi  -  
cients  must  be  rearranged  in  dependency  upon  the 
optimum  scanning  when  the  adaptive  scanning  is 
carried  out  in  the  area  decision  circuit  21  . 

In  this  event,  the  significant  area  signal  AS  is 
produced  from  the  area  decision  circuit  21  until  the 
final  significant  comparison  result  signal,  together 
with  an  optimum  scanning  signal  OP  (Fig.  6)  re -  
presentative  of  the  optimum  scanning. 

Referring  back  to  Fig.  6,  either  one  of  the  area 
detection  and  the  zigzag  scanning  is  assumed  to 
be  used  in  the  area  decision  circuit  21.  Under  the 
circumstances,  the  coefficient  signal  sequence  CO 
is  supplied  direct  to  a  judging  circuit  25  through  no 
intervention  between  the  linear  transform  circuit  12 
and  the  judging  circuit  25.  The  judging  circuit  25  is 
put  into  an  active  state  during  reception  of  the 
significant  area  signal  AS  produced  in  the  above  -  
mentioned  manner.  As  a  result,  the  judging  circuit 
25  judges  the  coefficients  to  be  valid  during  pres  -  
ence  of  the  significant  area  signal  AS.  Otherwise, 
the  coefficients  are  judged  to  be  invalid.  From  this 
fact,  it  is  readily  understood  that  the  judging  circuit 

25  serves  to  judge  whether  or  not  the  coefficients 
of  each  block  are  present  inside  of  the  significant 
area  and  to  successively  classify  each  of  first  and 
second  species  coefficients  which  are  valid  and 

5  invalid  in  each  block  in  consideration  of  the  sig  -  
nificant  area  signal  AS. 

As  a  result,  only  the  first  species  coefficients 
are  produced  as  a  sequence  of  significant  coeffi  -  
cient  signals  SC.  Thus,  the  significant  coefficient 

io  signal  sequence  SC  appears  when  the  coefficients 
are  present  inside  of  the  significant  area. 

On  the  other  hand,  when  the  coefficients  are 
judged  to  be  the  second  species  coefficients  due 
to  the  fact  that  the  coefficients  are  not  present  in 

is  the  significant  area,  none  of  the  significant  coeffi  -  
cient  signals  are  produced  by  the  judging  circuit  25 
with  the  coefficients  in  question  suppressed. 

In  Fig.  6,  let  the  area  decision  circuit  21  carry 
out  the  adaptive  scanning  in  the  above  -  mentioned 

20  manner  to  produce  the  significant  area  signal  AS 
together  with  the  optimum  scanning  signal  OP.  As 
mentioned  before,  the  coefficient  signals  CO  must 
be  rearranged  in  accordance  with  the  optimum 
scanning  signal  OP.  To  this  end,  the  coefficient 

25  signal  sequence  CO  is  sent  to  a  rearrangement 
circuit  28  which  is  known  in  the  art.  Supplied  with 
the  optimum  scanning  signal  OP,  the  rearran  -  
gement  circuit  28  rearranges  the  coefficient  signal 
sequence  CO  into  a  sequence  of  rearranged  co -  

30  efficient  signals  RA  by  scanning  the  coefficient 
signals  again  in  accordance  with  the  optimum 
scanning  determined  by  the  area  decision  circuit 
21  .  The  rearranged  coefficient  signal  sequence  RA 
conveys  the  coefficients  which  are  not  subjected  to 

35  quantization  and  is  sent  to  the  judging  circuit  25  to 
be  processed  in  the  above-mentioned  manner 
into  the  significant  signal  sequence  SC. 

Thus,  the  coefficient  signal  sequence  CO  is 
preliminarily  processed  prior  to  quantization  into 

40  the  significant  signal  sequence  SC  by  a  combina- 
tion  of  the  threshold  circuit  16,  the  comparator  17, 
the  area  decision  circuit  21,  the  judging  circuit  25, 
and  the  rearranging  circuit  28.  In  this  connection, 
the  significant  signal  sequence  SC  and  the  signifi  -  

45  cant  area  signal  AS  may  be  collectively  referred  to 
as  a  sequence  of  preliminary  processed  signals. 
Moreover,  the  area  decision  circuit  21,  the  judging 
circuit  25,  and  the  rearranging  circuit  28  are  op-  
erable  to  classify  the  coefficients  into  the  first  and 

50  the  second  species  coefficients,  as  described  be  -  
fore,  and  therefore  serve  as  the  classifying  circuit 
20. 

In  Fig.  6,  the  quantizer  15  may  comprise  a 
quantization  circuit  and  a  sample  memory,  as  will 

55  later  be  described,  and  quantizes  the  significant 
coefficient  signal  sequence  SC  into  a  sequence  of 
quantized  signals  QS  in  accordance  with  a  quan  -  
tization  characteristic.  The  quantization  character- 
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The  coefficient  signal  sequence  CO  is  s e -  
quentially  given  to  the  judging  circuit  25  without 
changing  the  order  of  the  coefficients  while  the 
significant  area  signal  AS  is  given  to  the  judging 

5  circuit  25  in  the  manner  mentioned  in  conjunction 
with  the  zone  detection  and  the  zigzag  scanning  in 
Fig.  6.  With  this  structure,  the  coefficients  within 
the  significant  area  are  judged  in  the  judging  circuit 
25  to  be  the  first  species  coefficients  and  are 

io  produced  as  the  significant  coefficient  signals  SC. 
On  the  other  hand,  the  coefficients  outside  of  the 
significant  area  are  forced  to  be  zero  or  nonsig  -  
nificant  coefficients  which  may  be  called  the  sec  -  
ond  species  coefficients. 

is  In  the  example  being  illustrated,  the  second 
species  coefficients  are  sent  to  the  quantizer  15 
together  with  the  first  species  coefficients.  As  a 
result,  the  quantizer  15  quantizes  not  only  the  first 
species  coefficients  but  also  the  second  species 

20  coefficients  into  a  sequence  of  quantized  signals 
QS'. 

The  illustrated  quantized  signal  sequence  QS' 
is  delivered  to  a  rearrangement  circuit  28'  and  a 
second  area  decision  circuit  35.  The  rearrangement 

25  circuit  28'  may  be  similar  in  structure  and  operation 
to  that  illustrated  in  Fig.  6. 

The  second  area  decision  circuit  35  carries  out 
the  adaptive  scanning  in  the  manner  mentioned  in 
Fig.  6  to  determine  optimum  scanning  of  the  verti  -  

30  cal  scanning,  the  horizontal  scanning,  and  the  zig  -  
zag  scanning  and  to  produce  an  optimum  scanning 
signal  OP  representative  of  the  optimum  scanning. 
The  rearrangement  circuit  28'  rearranges  the 
quantized  signal  sequence  QS'  into  a  sequence  of 

35  rearranged  signals  RA'  in  accordance  with  the  op  -  
timum  scanning  signal  OP.  The  rearranged  signal 
sequence  RA'  therefore  conveys  the  coefficients 
quantized  by  the  quantizer  25.  Thus,  a  combination 
of  the  second  area  decision  circuit  35,  the  rear- 

40  rangement  circuit  28',  and  the  encoder  circuit  33  is 
located  after  the  quantizer  to  process  the  quantized 
signal  sequence  QS'  and  may  be  referred  to  as  a 
posterior  processing  circuit  for  carrying  out  pos-  
terior  processing. 

45  The  illustrated  quantized  signal  sequence  QS' 
suppresses  isolated  high  frequency  components, 
such  as  B  in  Fig.  2,  having  a  level  lower  than  the 
threshold  level  TH,  because  the  significant  area  is 
decided  by  the  first  area  decision  circuit  21'.  Al- 

so  though  such  suppressed  components  are  quan  -  
tized  by  the  quantizer  15  and  rearranged  by  the 
rearrangement  circuit  28',  they  seldom  appear  in 
the  rearranged  signal  sequence  RA'  by  carrying 
out  the  optimum  scanning  in  the  rearrangement 

55  circuit  28'.  For  this  purpose,  the  rearrangement 
circuit  28'  may  comprise  a  memory  (not  shown)  for 
successively  storing  the  quantized  signal  sequence 
SC  and  an  address  control  circuit  (not  shown  also) 

istic  may  be  selected  from  a  plurality  of  quantiza  -  
tion  characteristics  as  a  selected  quantization 
characteristic  in  a  known  manner  and  switched  to 
another  quantization  characteristic  at  every  pre- 
determined  interval  of  time,  for  example,  each 
frame.  In  order  to  control  the  quantizer  15,  a  con- 
troller  31  produces  a  quantization  control  signal  C1 
indicative  of  the  selected  quantization  characteristic 
and  supplies  the  quantization  control  signal  C1  to 
the  quantizer  15. 

The  illustrated  controller  31  also  supplies  the 
threshold  circuit  16  with  a  quantization  control  sig- 
nal  C2  which  is  indicative  of  the  threshold  level  TH. 
The  threshold  level  TH  may  be  either  invariable 
within  each  block  or  variable  at  every  one  of  the 
coefficients  placed  within  each  block.  In  addition, 
both  the  quantization  characteristic  and  the 
threshold  level  TH  may  be  varied  so  as  to  effec  -  
tively  control  an  amount  of  information  to  be  en  -  
coded. 

The  significant  area  signal  AS  and  the  quan  -  
tized  signal  sequence  QS  are  supplied  to  an  en  -  
coder  circuit  33  to  be  subjected  to  posterior  pro- 
cessing  which  may  be  variable  length  encoding.  In 
the  illustrated  example,  the  encoder  circuit  33  is 
also  supplied  with  the  quantization  control  signal 
C1  to  specify  the  selected  quantization  character  -  
istic.  Herein,  the  significant  area  signal  AS  carries 
information  indicative  of  a  selected  one  of  the 
candidate  areas  or  zones,  such  as  CD1  and  CD2 
(Fig.  7),  when  the  area  or  zone  detection  is  used  in 
the  area  decision  circuit  21  .  On  the  zigzag  scan  -  
ning,  the  significant  area  signal  AS  carries  the  EOB 
code  after  the  significant  comparison  result  signals. 
On  the  adaptive  scanning,  the  significant  area  sig  -  
nal  AS  carries,  in  addition  to  the  EOB  code,  in  -  
formation  indicative  of  the  optimum  scanning. 

In  any  event,  the  encoder  circuit  33  encodes 
the  significant  area  signal  AS,  the  quantized  signal 
sequence  QS,  and  the  quantization  control  signal 
C1  into  a  sequence  of  encoded  signals  EC  which  is 
sent  through  a  transmission  line  or  path  to  a  de  -  
coding  system  (not  shown). 

Referring  to  Fig.  9,  an  encoding  system  a c -  
cording  to  a  second  embodiment  of  this  invention 
comprise  similar  parts  designated  by  like  reference 
numerals  and  symbols.  In  Fig.  9,  it  is  to  be  noted 
that  the  classifying  circuit  20  comprises  a  first  area 
decision  circuit  21'  without  a  rearrangement  circuit, 
such  as  28  in  Fig.  6.  The  first  area  decision  circuit 
21'  decodes  a  significant  quantization  area  in  re -  
sponse  to  the  comparison  result  signal  sequence 
CR  by  carrying  out  either  the  zone  detection  or  the 
zigzag  scanning.  This  means  that  the  adaptive 
scanning  is  not  used  in  the  illustrated  classifying 
circuit  20.  In  this  connection,  no  rearrangement 
circuit  is  necessary  in  the  illustrated  classifying 
circuit  20. 
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for  scanning  memory  addresses  in  the  order  d e -  
termined  for  the  optimum  scanning.  Such  a  rear- 
rangement  circuit  28'  is  known  in  the  art  and  will 
not  be  described  any  longer. 

The  rearranged  signal  sequence  RA',  the  opti  -  
mum  scanning  signal  OP,  and  the  quantization 
control  signal  C1  are  encoded  by  the  encoder 
circuit  33  into  a  sequence  of  encoded  signals  EC. 
At  any  rate,  the  second  area  decision  circuit  35 
serves  to  determine  the  encoded  signals  EC  sent 
to  a  transmission  line  and  may  be  called  a  trans  -  
mission  area  or  zone  decision  circuit. 

Referring  to  Fig.  10,  an  encoding  system  a c -  
cording  to  a  third  embodiment  of  this  invention  is 
for  carrying  out  posterior  processing  after  quan  -  
tization.  In  the  example  being  illustrated,  variable 
length  encoding  is  carried  out  as  the  posterior 
processing.  In  Fig.  10,  a  quantizer  15  is  also  illus- 
trated  along  with  a  posterior  processing  circuit  for 
the  posterior  processing.  The  illustrated  quantizer 
15  comprises  a  quantization  circuit  41  which  may 
be  supplied  either  with  the  significant  coefficient 
signal  sequence  (Fig.  6)  or  with  a  combination  of 
the  first  and  the  second  species  signals  (Fig.  9).  In 
addition,  any  other  coefficient  signal  sequence  may 
be  given  to  the  illustrated  quantizer  15,  if  it  is 
divided  into  a  sequence  of  blocks.  Taking  this  into 
consideration,  the  coefficient  signal  sequence  is 
depicted  at  CF  and  is  quantized  in  accordance  with 
a  quantization  characteristic  by  the  quantization 
circuit  41.  The  quantization  characteristic  may  be 
changed  to  another  one  under  control  of  a  con  -  
trailer,  such  as  31  in  Figs.  6  and  9.  As  a  result  of 
quantization,  a  sequence  of  sampled  signals  is 
successively  stored  in  a  sample  readout  circuit  42 
which  is  operable  as  a  part  of  the  quantizer  15  and 
which  may  be  a  memory  circuit. 

Herein,  it  is  assumed  that  each  of  the  sample 
signals  may  be  made  to  correspond  to  a  picture 
element  and  that  each  block  is  composed  of  a 
predetermined  number  of  the  picture  elements, 
such  as  4  x  4,  8  x  8,  16  x  16,  or  the  like.  For 
brevity  of  description,  let  the  predetermined  num  -  
ber  be  equal  to  8  x  8,  namely,  sixty  -four. 

Referring  to  Fig.  11,  it  is  also  assumed  that  the 
sampled  signals  or  the  picture  elements  of  sixty  -  
four  are  already  stored  in  a  manner  similar  to  the 
sequential  scanning.  More  particularly,  first  through 
eighth  ones  of  the  sampled  signals  are  memorized 
in  an  uppermost  or  first  row  of  Fig.  11  along  a 
horizontal  direction  while  ninth  through  sixteenth 
picture  elements  are  memorized  in  a  second  row  of 
Fig.  11  in  the  horizontal  direction.  Likewise,  the 
remaining  sampled  signals  are  assigned  to  each 
row. 

In  Figs.  10  and  11,  the  sampled  signals  are 
successively  read  out  of  the  sample  readout  circuit 
42  in  numerical  order  from  unity  to  sixty  -four 

under  control  of  a  readout  control  circuit  43.  To  this 
end,  the  readout  control  circuit  43  supplies  the 
sample  readout  circuit  42  with  an  address  indica- 
tion  signal  ADD  which  specifies  each  address  in 

5  the  numerical  order  illustrated  in  Fig.  11  and  which 
may  be  called  a  synchronizing  signal.  As  a  result, 
zigzag  scanning  is  carried  out  on  the  sample 
readout  circuit  42  to  produce  a  sequence  of  quan  -  
tized  signals  depicted  at  QS  in  Fig.  10. 

io  In  the  meanwhile,  zigzag  scanning  is  progres- 
sive  from  the  low  frequency  components  of  the 
coefficients  towards  the  high  frequency  compo- 
nents,  as  described  before.  This  is  true  of  the 
sampled  signals  or  quantized  signals  derived  from 

is  the  coefficients.  From  this  fact,  it  is  understood  that 
the  quantized  signals  for  the  low  frequency  com  -  
ponents  have  a  distribution  which  is  different  from 
the  quantized  signals  for  the  high  frequency  com  -  
ponents.  In  other  words,  the  distribution  of  the 

20  quantized  signals  for  the  low  frequency  compo- 
nents  becomes  dense  in  comparison  with  the  dis  -  
tribution  of  the  quantized  signals  for  the  high  fre  -  
quency  components. 

Under  the  circumstances,  high  efficiency  of 
25  encoding  or  posterior  processing  can  be  accom  -  

plished,  if  both  the  quantized  signals  for  the  low 
and  the  high  frequency  components  can  be  en  -  
coded  into  short  length  codes,  respectively.  This 
means  that  the  quantized  signals  for  the  low  and 

30  the  high  frequency  components  are  preferably  en  -  
coded  in  accordance  with  different  code  sets. 

Taking  the  above  into  consideration,  a  plurality 
of  code  sets  are  memorized  in  a  variable  length 
code  memory  45  to  define  different  mutual  rela- 

35  tionships  between  each  quantized  signal  QS  and 
the  corresponding  variable  length  code.  The  illus- 
trated  variable  length  code  memory  45  memorizes 
first  through  fifth  ones  of  the  code  sets  46  to  50 
which  may  be  numbered  from  unity  to  five,  re -  

40  spectively,  and  which  are  switched  from  one  to 
another,  as  will  become  clear  soon. 

Referring  to  Fig.  12  in  addition  to  Fig.  10,  the 
address  indication  signal  ADD  for  the  zigzag 
scanning  is  also  delivered  to  a  code  set  indication 

45  circuit  53  which  memorizes  a  conversion  table  il  -  
lustrated  in  Fig.  12.  Supplied  with  the  address 
indication  signal  ADD  which  specifies  table  ad  -  
dresses  in  the  numerical  order  illustrated  in  Fig.  11, 
the  code  set  indication  circuit  53  produces  a  code 

50  set  number  signal  NM  which  is  assigned  to  the  first 
through  fifth  code  sets  46  to  50  and  which  is 
represented  by  1  to  5  in  Fig.  12.  As  illustrated  in 
Fig.  12,  the  first  and  the  second  code  sets  46  to  48 
are  selected  for  the  low  frequency  components 

55  while  the  fourth  and  the  fifth  code  sets  49  and  50 
are  selected  for  the  high  frequency  components. 

In  Fig.  10,  the  code  set  number  signal  NM  is 
sent  to  a  switching  circuit  55  to  successively  select 
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either  one  of  the  first  through  fifth  code  sets  46  to 
50.  As  a  result,  a  selected  one  of  the  first  through 
fifth  code  sets  46  to  50  is  connected  in  a  time 
division  fashion  to  a  variable  length  encoder  56 
supplied  with  the  quantized  signals  QS.  The  vari  -  
able  length  encoder  56  carries  out  the  variable 
length  encoding  within  each  block  in  accordance 
with  the  first  through  fifth  code  set  switched  from 
one  to  another  in  the  time  division  fashion  and 
produces  a  sequence  of  encoded  signals  EC. 

With  this  structure,  it  is  possible  to  represent 
both  the  low  and  the  high  frequency  components 
by  short  length  codes,  respectively,  and  to  there  -  
fore  accomplish  high  efficiency  of  the  encoding. 
The  variable  length  codes  of  each  code  set  may 
have  common  code  patterns  in  each  of  the  re -  
maining  code  sets  and  may  be  equal  in  number  to 
those  of  the  remaining  code  sets.  However,  rela- 
tionships  between  the  quantized  signals  and  the 
code  patterns  must  be  different  from  one  another 
in  the  first  through  fifth  code  sets. 

Referring  to  Fig.  13,  an  encoding  system  a c -  
cording  to  a  fourth  embodiment  of  this  invention  is 
for  carrying  out  variable  length  encoding  as  pos  -  
terior  processing  by  detecting  a  final  one  of  sig  -  
nificant  coefficients  which  are  produced  in  the  form 
of  quantized  signals  QC.  More  particularly,  the  co  -  
efficient  signal  sequence  CF  is  quantized  by  the 
quantization  circuit  41  into  a  sequence  of  sampled 
signals  which  is  stored  in  a  sample  readout  circuit 
42'.  The  sampled  signal  sequence  is  read  out  of 
the  sample  readout  circuit  42'  as  the  quantized 
signal  sequence  QC.  Either  one  of  the  sequential 
scanning  or  the  zigzag  scanning  may  be  carried 
out  so  as  to  read  the  sampled  signal  sequence  QC 
out  of  the  sample  readout  circuit  42'. 

The  quantized  signal  sequence  QC  is  delivered 
to  a  variable  length  encoder  56  similar  to  that 
illustrated  in  Fig.  10  on  one  hand  and  to  a  final 
significant  coefficient  detector  60  on  the  other 
hand. 

The  final  significant  coefficient  detector  60 
monitors  the  quantized  signal  sequence  QC  to 
detect  the  final  significant  coefficient  which  is  fol  -  
lowed  in  each  block  by  continuation  of  the  nonsig  -  
nificant  coefficients.  In  other  words,  detection  is 
made  in  the  final  significant  coefficient  detector  60 
about  a  leading  one  of  the  nonsignificant  coeffi  -  
cients  that  next  follows  the  final  significant  coeffi  -  
cient.  The  detector  60  further  detects  a  nonsig  -  
nificant  position  of  the  leading  nonsignificant  co -  
efficient  to  find  another  position  preceding  the 
nonsignificant  position  and  recognizes  the  preced  -  
ing  position  as  a  position  for  the  final  significant 
coefficient. 

The  illustrated  encoding  system  comprises  a 
variable  length  code  memory  45  which  memorizes 
first  and  second  code  tables  61  and  62  for  defining 

different  mutual  relationships  between  each  of  the 
quantized  signals  QC  and  the  corresponding  vari  -  
able  length  code.  It  is  to  be  noted  that  the  second 
code  table  62  is  used  only  when  the  final  signifi  -  

5  cant  coefficient  is  detected  by  the  final  significant 
coefficient  detector  60.  This  means  that  variable 
length  coding  is  usually  carried  out  by  the  use  of 
the  first  code  table  61  except  for  the  final  signifi  -  
cant  coefficient.  The  code  patterns  of  the  variable 

io  length  codes  in  the  first  code  table  61  may  be 
equal  in  number  to  the  code  patterns  of  the  vari  -  
able  length  codes  in  the  second  code  table  62. 
However,  a  relationship  between  each  code  pattern 
of  the  first  code  table  61  and  the  corresponding 

is  quantized  signal  is  different  from  a  similar  rela- 
tionship  of  the  second  code  table  62. 

In  Fig.  13,  the  first  code  table  61  is  connected 
to  a  variable  length  encoder  56  through  a  switching 
circuit  55  insofar  as  the  final  significant  coefficient 

20  is  not  detected  in  each  block  by  the  final  significant 
coefficient  detector  60.  As  a  result,  the  quantized 
signals  QC  are  quantized  in  accordance  with  the 
first  code  table  61  . 

On  the  other  hand,  the  final  significant  coeffi  -  
25  cient  detector  60  sends  a  switching  signal  SW  to 

the  switching  circuit  55  on  detecting  the  final  sig  -  
nificant  coefficient  in  the  above  -  mentioned  man  -  
ner.  In  this  case,  the  variable  length  encoder  56  is 
connected  through  the  switching  circuit  55  to  the 

30  second  code  table  62  and  encodes  the  quantized 
signals  QC  into  a  sequence  of  encoded  signals  EC 
in  accordance  with  the  second  code  table  62. 

In  the  example  being  illustrated,  the  switching 
signal  SW  is  sent  to  a  block  end  code  generator 

35  64.  The  block  end  code  generator  64  produces  the 
EOB  code  immediately  after  the  final  significant 
coefficient  in  response  to  the  switching  signal  SW. 
The  EOB  code  is  representative  of  the  fact  that 
only  the  nonsignificant  coefficients  follow  in  the 

40  block  in  question. 
The  encoded  signal  sequence  EC  and  the  EOB 

code  are  multiplexed  by  a  multiplexer  66  into  a 
sequence  of  transmission  signals  TR  which  is  sent 
to  a  transmission  line. 

45  On  decoding  the  transmission  signal  sequence 
TR  in  a  decoder  system  (not  shown),  the  variable 
length  codes  carried  by  the  transmission  signal 
sequence  TR  are  decoded  by  the  use  of  first  and 
second  decoding  tables  corresponding  to  the  first 

50  and  the  second  code  tables  61  and  62,  respec- 
tively.  Specifically,  usual  decoding  operation  is 
carried  out  with  reference  to  the  first  decoding 
table.  The  final  significant  coefficient  is  also  once 
decoded  by  the  use  of  the  first  significant  coeffi  -  

55  cient.  On  decoding  the  final  significant  coefficient, 
the  EOB  code  is  also  detected  by  the  decoding 
system. 

10 
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In  this  situation,  the  decoding  system  cancels 
the  decoded  final  significant  coefficient  and  d e -  
codes  the  final  significant  coefficient  again  in  a c -  
cordance  with  the  second  decoding  table. 

With  this  structure,  the  final  significant  coeffi  -  5 
cient  alone  is  encoded  by  the  use  of  the  second 
code  table  62  as  described  before,  use  of  the  first 
and  the  second  code  tables  61  and  62  enables 
high  efficiency  of  encoding.  This  is  because  the 
final  significant  coefficient  has  a  distribution  which  10 
is  quite  different  from  the  remaining  significant 
coefficients  and  a  reduction  in  efficiency  of  en  -  
coding  is  inevitable  when  such  a  final  significant 
coefficient  is  encoded  by  the  use  of  a  common 
code  table.  is 

While  this  invention  has  thus  far  been  d e -  
scribed  in  conjunction  with  several  embodiments 
thereof,  it  will  readily  be  possible  for  those  skilled 
in  the  art  to  put  this  invention  into  practice  in 
various  other  manners.  For  example,  the  digital  20 
signal  sequence  may  be  subjected  to  predictive 
encoding  and  may  convey  an  audio  signal  instead 
of  the  image  signal.  Any  other  encoding  may  be 
substituted  for  the  variable  length  encoding  as  the 
posterior  processing.  25 

Claims 

1.  An  encoding  system  for  use  in  encoding  a 
sequence  of  digital  signals  into  a  sequence  of  30 
encoded  signals,  said  digital  signal  sequence 
being  subjected  to  a  predetermined  linear 
transform  into  a  sequence  of  coefficients  which 
is  divided  into  a  sequence  of  blocks  and  which 
is  produced  as  a  sequence  of  coefficient  sig  -  35 
nals,  said  encoding  system  comprising  anterior 
processing  means  (16)  responsive  to  said  co -  
efficient  signal  sequence  (CO)  for  processing 
said  coefficients  in  the  respective  blocks  into  a 
sequence  of  preliminary  processed  signals,  40 
quantizing  means  (15)  coupled  to  said  anterior 
processing  means  (16,17,20,21,25,28)  for 
quantizing  said  preliminary  processed  signals 
into  a  sequence  of  quantized  signals,  and 
posterior  processing  means  (33)  for  processing  45 
said  quantized  signal  sequence  into  said  en  -  
coded  signal  sequence,  wherein  said  anterior 
processing  means  comprises: 

threshold  means  (16)  for  producing  a 
threshold  signal  representative  of  a  threshold  so 
level  defined  for  said  coefficients; 

comparing  means  (17)  responsive  to  said 
threshold  signal  and  said  coefficient  signal 
sequence  for  successively  comparing  said 
coefficients  with  said  threshold  level  in  the  55 
respective  blocks  to  produce  a  sequence  of 
comparison  result  signals  representative  of 
results  of  comparison  in  the  respective  blocks; 

classifying  means  (20)  responsive  to  said 
comparison  result  signal  sequence  and  said 
coefficient  signal  sequence  for  classifying  said 
coefficients  of  each  block  with  reference  to 
said  results  of  comparison  into  first  and  sec  -  
ond  species  coefficients  which  are  valid  and 
invalid,  respectively,  and  which  are  varied  in 
number  by  carrying  out  a  threshold  operation 
by  the  use  of  a  predetermined  threshold  level 
to  produce  a  sequence  of  significant  coefficient 
signals  which  are  composed  of  said  first  spe  -  
cific  coefficients  alone  with  said  second  spe -  
cies  coefficients  neglected  and  which  are 
variable  in  length  at  every  block;  and 

supply  means  for  supplying  said  signifi  -  
cant  coefficient  signal  sequence  to  said  quan  -  
tizing  means  (15)  as  said  preliminary  pro- 
cessed  signals. 

2.  An  encoding  system  as  claimed  in  Claim  1, 
wherein  said  classifying  means  (20)  comprises: 

determining  means  (21)  coupled  to  said 
comparing  means  for  determining  a  significant 
area  of  said  first  species  coefficients  in  every 
one  of  said  blocks  by  collecting  said  com  -  
parison  result  signals  in  each  of  said  blocks  to 
produce  a  significant  area  signal  (AS)  repre- 
sentative  of  said  significant  area;  and 

judging  means  (25)  responsive  to  said 
significant  area  signal  and  said  coefficient 
signal  sequence  for  judging  whether  the  co -  
efficients  of  each  block  are  present  inside  of 
said  significant  area  to  successively  classify 
each  of  said  coefficients  into  said  first  and  said 
second  species  coefficients  and  to  produce 
said  significant  coefficient  signal  sequence. 

3.  An  encoding  system  as  claimed  in  Claim  2, 
wherein  said  determining  means  (21)  produces 
said  significant  area  signal  (AS)  by  carrying  out 
a  selected  one  of  zone  detection  and  zigzag 
scanning  in  relation  to  said  comparison  result 
signals. 

4.  An  encoding  system  as  claimed  in  Claim  3, 
wherein  said  judging  means  (25)  produces 
both  said  first  and  said  second  species  co -  
efficients  as  said  significant  coefficient  signal 
sequence; 

said  quantized  signal  sequence  (QS') 
carrying  said  first  and  said  second  species 
coefficients; 

said  posterior  processing  means  com  -  
prising: 

selecting  means  (35)  responsive  to  said 
quantized  signal  sequence  (QS')  for  selecting 
an  optimum  scanning  method  from  a  plurality 
of  different  scanning  methods  to  produce  an 

11 
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optimum  scanning  signal  representative  of  said 
optimum  scanning  method; 

rearranging  means  (28')  responsive  to  said 
quantized  signal  sequence  (QS')  and  said  op  -  
timum  scanning  signal  for  rearranging  said 
quantized  signal  sequence  into  a  sequence  of 
rearranged  signals  with  reference  to  said  opti  -  
mum  scanning  signal  (OP);  and 

encoding  means  (33)  coupled  to  said 
rearranging  means  for  encoding  said  rearran  -  
ged  signal  sequence  into  said  encoded  signal 
sequence. 

5.  An  encoding  system  as  claimed  in  Claim  3, 
wherein  said  judging  means  (25)  produces 
only  said  first  species  coefficients  as  said 
significant  coefficient  signal  sequence. 

6.  An  encoding  system  as  claimed  in  Claim  2, 
wherein  said  determining  means  (21)  scans 
said  comparison  result  signals  by  the  use  of  an 
optimum  scanning  method  selected  from  a 
plurality  of  different  scanning  methods  to  pro  -  
duce  an  optimum  scanning  signal  representa- 
tive  of  said  optimum  scanning  method,  to -  
gether  with  said  significant  area  signal  (AS); 

said  judging  means  (25)  comprising: 
rearranging  means  (28')  responsive  to  said 

optimum  scanning  signal  (OP)  for  rearranging 
said  coefficient  signal  sequence  into  a  s e -  
quence  of  rearranged  signals;  and 

detecting  means  responsive  to  said  rear- 
ranged  signal  sequence  and  said  significant 
area  signal  for  detecting  said  first  species  co  -  
efficients  from  said  rearranged  signal  s e -  
quence  with  reference  to  said  significant  area 
signal  to  produce  said  first  species  coefficients 
as  said  significant  coefficient  signal  sequence. 

7.  An  encoding  system  as  claimed  in  any  of 
Claims  1  to  6,  wherein  said  posterior  pro- 
cessing  means  carries  out  variable  length  en  -  
coding  of  said  quantized  signal  sequence  to 
produce  variable  length  codes  as  said  encoded 
signals  and  comprises: 

memory  means  (45)  for  memorizing  a 
plurality  of  code  sets  (46,47,50;61  ,62)  which 
are  different  from  one  another  and  which  de  -  
fine  mutual  relationships  between  said  quan  -  
tized  signals  and  said  variable  length  codes; 

switching  means  (43,53,50;42',60,55)  for 
switching  said  code  sets  from  one  to  another 
within  each  of  said  blocks  to  select  either  one 
of  said  code  sets  as  a  selected  code  set;  and 

variable  length  encoding  means  (56) 
coupled  to  said  switching  means  (50;55)  and 
responsive  to  said  quantized  signal  sequence 
for  encoding  said  quantized  signal  sequence  in 

accordance  with  said  selected  code  set  into 
said  variable  length  codes. 

8.  An  encoding  system  as  claimed  in  Claim  7, 
5  wherein  said  switching  means  comprises: 

code  set  indicating  means  (53)  for  suc-  
cessively  indicating  said  code  sets  one  at  a 
time  in  each  of  said  blocks  to  produce  an 
indication  signal  representative  of  each  of  said 

io  code  sets  in  synchronism  with  each  of  said 
quantized  signals;  and 

switch  means  (50)  coupled  to  said  code 
set  indicating  means  (53),  said  memory  means 
(45),  and  said  variable  length  encoding  means 

is  (56)  for  switching  said  code  sets  from  one  to 
another  in  response  to  said  indication  signal  to 
selectively  connect  said  code  sets  to  said 
variable  length  encoding  means  (56). 

20  9.  An  encoding  system  as  claimed  in  Claim  7, 
said  coefficients  being  divisible  into  significant 
and  nonsignificant  coefficients,  wherein  said 
switching  means  (42',60,55)  comprises: 

detecting  means  (60)  responsive  to  said 
25  quantized  signals  corresponding  to  the  re -  

spective  coefficients  for  detecting  a  final  one  of 
said  significant  coefficients  in  each  of  said 
blocks  to  produce  a  switch  signal  on  detection 
of  said  final  one  of  the  significant  coefficients; 

30  and 
switch  means  (55)  coupled  to  said  d e -  

tecting  means  (60),  said  memory  means  (45), 
and  said  variable  length  encoding  means  (56) 
for  switching  said  code  sets  from  one  to  an  -  

35  other  in  response  to  said  switch  signal  to  se  -  
lectively  connect  said  code  sets  to  said  vari  -  
able  length  encoding  means  (56). 

Patentanspruche 
40 

1.  Kodiersystem  zum  Kodieren  einer  Folge  von 
digitalen  Signalen  in  eine  Folge  von  kodierten 
Signalen,  wobei  die  digitale  Signalfolge  durch 
eine  vorgegebene  lineare  Transformation  in 

45  eine  Folge  von  Koeffizienten  uberfuhrt  wird, 
die  in  eine  Folge  von  Blocken  unterteilt  ist  und 
die  als  eine  Folge  von  Koeffizientensignalen 
erzeugt  wird,  und  das  Kodiersystem  eine  vor- 
hergehende  Verarbeitungseinrichtung  (16),  die 

50  die  Koeffizientensignalfolge  (CO)  empfangt,  urn 
die  Koeffizienten  in  den  betreffenden  Blocken 
in  eine  Folge  von  vorverarbeiteten  Signalen  zu 
verarbeiten,  eine  Quantisierungseinrichtung 
(15),  die  mit  der  vorhergehenden  Verarbei- 

55  tungseinrichtung  (16,  17,  20,  21,  25,  28)  g e -  
koppelt  ist,  urn  die  vorverarbeiteten  Signale  in 
eine  Folge  von  quantisierten  Signalen  zu 
quantisieren,  und  eine  nachfolgende  Verar- 

12 
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beitungseinrichtung  (33)  aufweist,  um  die 
quantisierte  Signalfolge  in  die  kodierte  Signal  -  
folge  zu  verarbeiten,  wobei  die  vorhergehende 
Verarbeitungseinrichtung  folgendes  umfaBt: 

eine  Schwellenwerteinrichtung  (16),  um  ein 
Schwellenwertsignal  zu  erzeugen,  das  fur  ei  -  
nen  Schwellenwert  steht,  der  fur  die  Koeffi  -  
zienten  definiert  wurde; 

eine  Vergleichseinrichtung  (17),  die  das 
Schwellenwertsignal  und  die  Koeffizientensi  -  
gnalfolge  empfangt,  um  der  Reihe  nach  die 
Koeffizienten  mit  dem  Schwellenwertsignal  in 
den  entsprechenden  Blocken  zu  vergleichen, 
um  eine  Folge  von  Vergleichsergebnissignalen 
zu  erzeugen,  die  fur  die  Vergleichsergebnisse 
in  den  entsprechenden  Blocken  stehen; 

eine  Klassifizierungseinrichtung  (20),  die 
die  Vergleichsergebnissignalfolge  und  die  Ko- 
effizientensignalfolge  empfangt,  um  die  Koef- 
fizienten  jedes  Blocks  bezuglich  der  Ver- 
gleichsergebnisse  in  Koeffizienten  erster  und 
zweiter  Art,  die  gultig  bzw.  ungultig  sind  und 
deren  Anzahl  unterschiedlich  ist,  dadurch  zu 
klassifizieren,  dal3  eine  Schwellenwertoperation 
unter  Verwendung  eines  vorgegebenen 
Schwellenwertes  ausgefuhrt  wird,  um  eine 
Folge  von  signifikanten  Koeffizientensignalen 
zu  erzeugen,  die  sich  nur  aus  den  Koeffizien  -  
ten  erster  Art  zusammensetzen  und  die  Koef  -  
fizienten  zweiter  Art  vernachlassigt  werden  und 
deren  Lange  in  jedem  Block  unterschiedlich 
ist;  und 

eine  Versorgungseinrichtung,  um  die 
Quantisierungseinrichtung  (15)  mit  der  signifi- 
kanten  Koeffizientensignalfolge  als  die  vorver  -  
arbeiteten  Signale  zu  versorgen. 

2.  Kodiersystem  nach  Anspruch  1,  bei  dem  die 
Klassifizierungseinrichtung  (20)  umfaBt: 

eine  Bestimmungseinrichtung  (21),  die  mit 
der  Vergleichseinrichtung  gekoppelt  ist,  um  ein 
signifikantes  Gebiet  der  Koeffizienten  erster  Art 
in  jedem  der  Blocke  zu  bestimmen,  indem  die 
Vergleichsergebnissignale  in  jedem  der  Blocke 
gesammelt  werden,  um  ein  Signifikantge  -  
bietssignal  (AS)  zu  erzeugen,  das  fur  das  si  -  
gnifikante  Gebiet  steht;  und 

eine  Prufeinrichtung  (25),  die  das  Signifi  -  
kantgebietssignal  und  die  Koeffizientensignal  -  
folge  empfangt,  um  zu  prufen,  ob  die  Koeffi  -  
zienten  jedes  Blocks  innerhalb  des  signifikan  -  
ten  Gebiets  liegen,  um  der  Reihe  nach  jeden 
der  Koeffizienten  in  die  Koeffizienten  erster 
und  zweiter  Art  zu  klassifizieren  und  die  si  -  
gnifikante  Koeffizientensignalfolge  zu  erzeu  -  
gen. 

3.  Kodiersystem  nach  Anspruch  2,  bei  dem  die 
Bestimmungsseinrichtung  (21)  das  Signifi  -  
kantgebietssignal  (AS)  erzeugt,  indem  eine 
ausgewahlte  Zonendetektion  und  zickzackfor- 

5  miges  Abtasten,  bezogen  auf  die  Vergleichs- 
ergebnissignale,  durchgefuhrt  werden. 

4.  Kodiersystem  nach  Anspruch  3,  bei  dem  die 
Prufeinrichtung  (25)  sowohl  Koeffizienten  erster 

io  Art  als  auch  zweiter  Art  als  die  signifikante 
Koeffizientensignalfolge  erzeugt; 

die  quantisierte  Signalfolge  (QS')  die  Ko- 
effizienten  erster  und  zweiter  Art  enthalt; 

wobei  die  nachfolgende  Verarbeitungs  -  
is  einrichtung  folgendes  umfaBt: 

eine  Auswahleinrichtung  (35),  die  die 
quantisierte  Signalfolge  (QS')  empfangt,  um 
ein  optimales  Abtastverfahren  aus  mehreren 
unterschiedlichen  Abtastverfahren  auszuwah  -  

20  len,  um  ein  Optimalabtastsignal  zu  erzeugen, 
das  fur  das  optimale  Abtastverfahren  steht; 

eine  Umordnungseinrichtung  (28'),  die  die 
quantisierte  Signalfolge  (QS')  und  das  Opti  -  
malabtastsignal  empfangt,  um  die  quantisierte 

25  Signalfolge  in  eine  Folge  von  umgeordneten 
Signalen  mit  Bezug  auf  das  Optimalabtastsi  -  
gnal  (OP)  umzuordnen;  und 

eine  Kodiereinrichtung  (33),  die  mit  der 
Umordnungseinrichtung  gekoppelt  ist,  um  die 

30  umgeordnete  Signalfolge  in  die  kodierte  Si  -  
gnalfolge  zu  kodieren. 

5.  Kodiersystem  nach  Anspruch  3,  bei  dem  die 
Prufeinrichtung  (25)  ausschlieBlich  die  Koeffi  -  

35  zienten  erster  Art  als  die  signifikante  Koeffi  -  
zientensignalfolge  erzeugt. 

6.  Kodiersystem  nach  Anspruch  2,  bei  dem  die 
Bestimmungseinrichtung  (21)  die  Vergleichs- 

40  ergebnissignale  unter  Verwendung  eines  opti  -  
malen  Abtastverfahrens,  das  aus  mehreren 
unterschiedlichen  Abtastverfahren  ausgewahlt 
wird,  abtastet,  um  zusammen  mit  dem  Signi  -  
fikantgebietssignal  (AS)  ein  Optimalabtastsignal 

45  zu  erzeugen,  das  fur  das  optimale  Abtastver- 
fahren  steht; 

wobei  die  Prufeinrichtung  (25)  folgendes 
umfaBt: 

eine  Umordnungseinrichtung  (28'),  die  das 
50  Optimalabtastsignal  (OP)  empfangt,  um  die 

Koeffizientensignalfolge  in  eine  Folge  von 
umgeordneten  Signalen  umzuordnen;  und 

eine  Detektiereinrichtung,  die  die  umge- 
ordnete  Signalfolge  und  das  Signifikantge  -  

55  bietssignal  empfangt,  um  die  Koeffizienten 
erster  Art  aus  der  umgeordneten  Signalfolge 
bezogen  auf  das  Signifikantgebietssignal  zu 
detektieren,  um  die  Koeffizienten  erster  Art  als 
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die  signifikante  Koeffizientensignalfolge  zu  e r -  
zeugen. 

7.  Kodiersystem  nach  einem  der  Anspruche  1  bis 
6,  bei  dem  die  nachfolgende  Verarbeitungs  -  
einrichtung  eine  Variable  -  Langen  -  Kodierung 
der  quantisierten  Signalfolge  ausfuhrt,  um  va-  
riable  Langencodes  als  die  kodierten  Signale 
zu  erzeugen,  und  die  folgendes  umfaBt: 

eine  Speichereinrichtung  (45),  um  mehrere 
Kodierungssatze  (46,47,50;61  ,62)  zu  speichern, 
die  sich  voneinander  unterscheiden  und  die 
gegenseitige  Beziehungen  zwischen  den 
quantisierten  Signalen  und  dem  Variablen  -  
Langen  -  Code  definieren; 

eine  Umschaltungseinrichtung 
(43,53,50:42',60,55),  um  innerhalb  eines  jeden 
der  Blocke  von  einem  Kodierungssatz  zum 
anderen  zu  schalten,  um  einen  aus  den  Ko- 
dierungssatzen  als  gewahlten  Kodierungssatz 
auszuwahlen;  und 

eine  Variable  -  Langen  -  Kodierungsein  -  
richtung  (56),  die  mit  der  Umschaltungsein  -  
richtung  (50,55)  gekoppelt  ist  und  die  quanti  -  
sierte  Signalfolge  zum  Kodieren  der  quanti  -  
sierten  Signalfolge  in  die  Variable  -  Langen  -  
Codes  gemaB  dem  ausgewahlten  Kodie- 
rungssatz  empfangt. 

8.  Kodiersystem  nach  Anspruch  7,  bei  dem  die 
Umschaltungseinrichtung  folgendes  umfaBt: 

eine  Kodierungssatz  -  Anzeigeeinrichtung 
(53),  um  der  Reihe  nach  die  Kodierungssatze 
einzeln  in  jedem  der  Blocke  anzuzeigen,  um 
synchron  mit  jedem  der  quantisierten  Signale 
ein  Anzeigesignal  zu  erzeugen,  das  fur  jeden 
der  Kodierungssatze  steht;  und 

eine  Umschaltungseinrichtung  (50),  die  mit 
der  Kodierungssatz  -Anzeigeeinrichtung  (53), 
der  Speichereinrichtung  (45)  und  der 
Variable  -  Langen  -  Kodierungseinrichtung 
(56)  gekoppelt  ist,  um  als  Antwort  auf  das 
Anzeigesignal  von  einem  der  Kodierungssatze 
zum  anderen  zu  schalten,  um  selektiv  diese 
Kodierungssatze  mit  der  Variable  -  Langen  -  
Kodiereinrichtung  (56)  zu  verbinden. 

9.  Kodiersystem  nach  Anspruch  7,  wobei  die 
Koeffizienten  sich  in  signifikante  und  nichtsi  -  
gnifikante  Koeffizienten  einteilen  lassen,  und 
wobei  die  Umschaltungseinrichtung  (42',60,55) 
folgendes  umfaBt: 

eine  Detektiereinrichtung  (60),  die  die  zu 
den  entsprechenden  Koeffizienten  gehorenden, 
quantisierten  Signale  empfangt,  um  einen 
letzten  der  signifikanten  Koeffizienten  in  jedem 
der  Blocke  zu  detektieren,  um  bei  Detektion 
dieses  letzten  signifikanten  Koeffizienten  ein 

Umschaltsignal  zu  erzeugen;  und 
eine  Umschaltungseinrichtung  (55),  die  mit 

der  Detektiereinrichtung  (60),  der  Speicher- 
einrichtung  (45),  und  der  Variable  -  Langen  -  

5  Kodierungseinrichtung  (56)  gekoppelt  ist,  um 
als  Antwort  auf  das  Umschaltsignal  zwischen 
den  Kodierungssatzen  zu  schalten,  um  selektiv 
diese  Kodierungssatze  mit  der  Variable  -  
Langen  -  Kodierungseinrichtung  (56)  zu  ver- 

io  binden. 

Revendicatlons 

1.  Systeme  de  codage  pour  utilisation  dans  le 
is  codage  d'une  sequence  de  signaux  numeri  -  

ques  en  une  sequence  de  signaux  codes,  la- 
dite  sequence  de  signaux  numeriques  etant 
soumise  a  une  transformation  lineaire  prede  -  
terminee  en  une  sequence  de  coefficients  qui 

20  est  divisee  en  une  sequence  de  blocs  et  qui 
est  produite  en  tant  que  sequence  de  signaux 
de  coefficients,  ledit  systeme  de  codage 
comprenant  un  moyen  de  traitement  anterieur 
(16)  sensible  a  ladite  sequence  de  signaux  de 

25  coefficients  (CO)  pour  traiter  lesdites  coeffi  -  
cients  contenus  dans  les  blocs  respectifs  en 
une  sequence  de  signaux  prealablement  trai  -  
tes,  un  moyen  de  quantification  (15)  relie  audit 
moyen  de  traitement  anterieur  (16,  17,  20,  21, 

30  25,  28)  pour  quantifier  lesdits  signaux  preala- 
blement  traites,  en  une  sequence  de  signaux 
quantifies,  et  un  moyen  de  traitement  poste  -  
rieur  (33)  pour  traiter  ladite  sequence  de  si  -  
gnaux  quantifies  en  une  sequence  de  signaux 

35  codes,  dans  lequel  ledit  moyen  de  traitement 
anterieur  comprend: 

un  moyen  a  seuil  (16)  pour  produire  un 
signal  de  seuil  representatif  d'un  niveau  de 
seuil  defini  pour  lesdits  coefficients; 

40  un  moyen  de  comparaison  (17)  sensible 
audit  signal  de  seuil  et  a  ladite  sequence  de 
signaux  de  coefficients  pour  comparer  suc-  
cessivement  lesdits  coefficients  audit  niveau 
de  seuil  dans  les  blocs  respectifs  et  produire 

45  une  sequence  de  signaux  resultats  de  la 
comparaison  representatifs  des  resultats  de  la 
comparaison  dans  les  blocs  respectifs; 

un  moyen  de  classification  (20)  sensible  a 
ladite  sequence  de  signaux  resultats  de  la 

50  comparaison  et  a  ladite  sequence  de  signaux 
de  coefficients  pour  classer  lesdits  coefficients 
de  chaque  bloc  en  tenant  compte  desdits  re  -  
sultats  de  la  comparaison,  en  des  coefficients 
d'un  premier  type  et  d'un  second  type  qui  sont 

55  respectivement  valides  et  invalides,  et  dont  les 
nombres  peuvent  varier,  par  application  d'une 
operation  de  seuil  utilisant  un  niveau  de  seuil 
predetermine,  pour  produire  une  sequence  de 
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methode  de  balayage  optimale; 
un  moyen  de  rearrangement  (28')  sensible 

a  ladite  sequence  de  signaux  quantifies  (QS') 
et  audit  signal  de  balayage  optimal  pour  rear- 

5  ranger  ladite  sequence  de  signaux  quantifies 
en  une  sequence  de  signaux  rearranges  en 
fonction  dudit  signal  de  balayage  optimal 
(OP);  et 

un  moyen  de  codage  (33)  relie  audit 
io  moyen  de  rearrangement  pour  coder  ladite 

sequence  de  signaux  rearranges  en  ladite  se  -  
quence  de  signaux  codes. 

5.  Systeme  de  codage  selon  la  revendication  3, 
is  dans  lequel  ledit  moyen  de  jugement  (25) 

produit  seulement  lesdits  coefficients  du  pre  -  
mier  type  en  tant  que  ladite  sequence  de 
signaux  de  coefficients  significatifs. 

20  6.  Systeme  de  codage  selon  la  revendication  2, 
dans  lequel  ledit  moyen  de  determination  (21) 
analyse  lesdits  signaux  resultats  de  la  com  -  
paraison  par  utilisation  d'une  methode  de  ba -  
layage  optimale  selectionnee  parmi  une  plu  -  

25  ralite  de  methodes  de  balayage  differentes, 
afin  de  produire  un  signal  de  balayage  optimal 
representatif  de  ladite  methode  de  balayage 
optimal,  en  meme  temps  que  ledit  signal  de 
zone  significative  (AS); 

30  ledit  moyen  de  jugement  (25)  comprenant: 
un  moyen  de  rearrangement  (28')  sensible 

audit  signal  de  balayage  optimal  (OP)  pour 
rearranger  ladite  sequence  de  signaux  de 
coefficients  en  une  sequence  de  signaux 

35  rearranges;  et 
un  moyen  de  detection  sensible  a  ladite 

sequence  de  signaux  rearranges  et  audit  signal 
de  zone  significative  pour  detecter  lesdits 
coefficients  du  premier  type  dans  ladite  se  -  

40  quence  de  signaux  rearranges  en  fonction 
dudit  signal  de  zone  significative,  afin  de  pro  -  
duire  lesdits  coefficients  du  premier  type  en 
tant  que  ladite  sequence  de  signaux  de  coef- 
ficients  significatifs. 

45 
7.  Systeme  de  codage  selon  I'une  quelconque 

des  revendications  1  a  6,  dans  lequel  ledit 
moyen  de  traitement  posterieur  effectue  un 
codage  a  longueur  variable  de  ladite  sequence 

50  de  signaux  quantifies  pour  produire  des  codes 
de  longueurs  variables  en  tant  que  lesdits  si  -  
gnaux  codes  et  comprend: 

un  moyen  a  memoire  (45)  pour  memoriser 
une  pluralite  de  jeux  de  codes  (46,47,50; 

55  61,62)  qui  different  les  uns  des  autres  et  qui 
definissent  des  relations  mutuelles  entre  les- 
dits  signaux  quantifies  et  lesdits  codes  a  Ion  -  
gueurs  variables; 

signaux  de  coefficients  significatifs  qui  se 
compose  uniquement  desdits  coefficients  du 
premier  type,  lesdits  coefficients  du  second 
type  etant  negliges,  et  qui  a  une  longueur 
variable  d'un  bloc  a  I'autre;  et 

un  moyen  de  transfert  pour  transferer  la  -  
dite  sequence  de  signaux  de  coefficients  si  -  
gnificatifs  vers  ledit  moyen  de  quantification 
(15)  en  tant  que  lesdits  signaux  prealablement 
traites. 

2.  Systeme  de  codage  selon  la  revendication  1, 
dans  lequel  ledit  moyen  de  classification  (20) 
comprend: 

un  moyen  de  determination  (21)  relie  audit 
moyen  de  comparaison  pour  determiner  une 
zone  significative  desdits  coefficients  du  pre- 
mier  type  dans  chacun  desdits  blocs  par 
combinaison  desdits  signaux  resultats  de  la 
comparaison  dans  chacun  desdits  blocs,  afin 
de  produire  un  signal  de  zone  significative 
(AS)  representatif  de  ladite  zone  significative; 
et 

un  moyen  de  jugement  (25)  sensible  audit 
signal  de  zone  significative  et  a  ladite  se  -  
quence  de  signaux  de  coefficients  pour  juger 
si  les  coefficients  de  chaque  bloc  sont  pre  -  
sents  a  I'interieur  de  ladite  zone  significative 
afin  de  classer  successivement  chacun  desdits 
coefficients  en  lesdits  coefficients  du  premier 
type  et  du  second  type  et  pour  produire  ladite 
sequence  de  signaux  de  coefficients  signifi  -  
catifs. 

3.  Systeme  de  codage  selon  la  revendication  2, 
dans  lequel  ledit  moyen  de  determination  (21) 
produit  ledit  signal  de  zone  significative  AS  en 
effectuant  une  operation  selectionnee  parmi 
une  detection  de  zone  et  un  balayage  en  zig  -  
zag,  en  fonction  desdits  signaux  resultats  de  la 
comparaison. 

4.  Systeme  de  codage  selon  la  revendication  3, 
dans  lequel  ledit  moyen  de  jugement  (25) 
produit  a  la  fois  lesdits  coefficients  du  premier 
type  et  du  second  type  en  tant  que  ladite 
sequence  de  signaux  de  coefficients; 

ladite  sequence  de  signaux  quantifies 
(QS')  contenant  lesdits  coefficients  du  premier 
et  du  second  types; 

ledit  moyen  de  traitement  posterieur 
comprenant: 

un  moyen  de  selection  (35)  sensible  a 
ladite  sequence  de  signaux  quantifies  (QS') 
pour  selectionner  une  methode  de  balayage 
optimale  parmi  une  pluralite  de  methodes  de 
balayage  differentes  afin  de  produire  un  signal 
de  balayage  optimal  representatif  de  ladite 

15 



27  EP  0  267  578  B1  28 

un  moyen  de  commutation  (43,53,50; 
42',60,55)  pour  commuter  entre  lesdits  jeux  de 
codes  a  I'interieur  de  chacun  desdits  blocs  afin 
de  selectionner  I'un  ou  I'autre  desdits  jeux  de 
codes  en  tant  que  jeu  de  code  selectionne;  et  5 

un  moyen  de  codage  a  longueur  variable 
(56)  relie  audit  moyen  de  commutation  (50;55) 
et  sensible  a  ladite  sequence  de  signaux 
quantifies,  pour  coder  ladite  sequence  de  si  -  
gnaux  quantifies  en  fonction  dudit  jeu  de  co  -  10 
des  selectionne,  en  lesdits  codes  a  longueurs 
variables. 

8.  Systeme  de  codage  selon  la  revendication  7, 
dans  lequel  ledit  moyen  de  commutation  is 
comprend: 

un  moyen  indicateur  du  jeu  de  codes  (53) 
pour  indiquer  successivement  lesdits  jeux  de 
codes  un  par  un  dans  chacun  desdits  blocs, 
afin  de  produire  un  signal  d'indication  repre  -  20 
sentatif  de  chacun  desdits  jeux  de  codes  en 
synchronisme  avec  chacun  desdits  signaux 
quantifies;  et 

un  moyen  de  commutation  (50)  relie  audit 
moyen  indicateur  du  jeu  de  codes  (53)  audit  25 
moyen  a  memoire  (45),  et  audit  moyen  de 
codage  a  longueur  variable  (56)  pour  commu  -  
ter  entre  lesdits  jeux  de  codes  en  reponse 
audit  signal  d'indication  afin  de  connecter  se  -  
lectivement  lesdits  jeux  de  codes  audit  moyen  30 
de  codage  a  longueur  variable  (56). 

9.  Systeme  de  codage  selon  la  revendication  7, 
lesdits  coefficients  pouvant  etre  repartis  en 
coefficients  significatifs  et  non  significatifs,  35 
dans  lequel  ledit  moyen  de  commutation  (42', 
60,55)  comprend: 

un  moyen  de  detection  (60)  sensible  aux- 
dits  signaux  quantifies  correspondant  aux 
coefficients  respectifs  pour  detecter  un  coeffi  -  40 
cient  significatif  final  parmi  lesdits  coefficients 
significatifs  dans  chacun  desdits  blocs,  et 
produire  un  signal  de  commutation  lors  de  la 
detection  dudit  coefficient  significatif  final;  et 

un  moyen  de  commutation  (55)  relie  audit  45 
moyen  de  detection  (60),  audit  moyen  a  me  -  
moire  (45)  et  audit  moyen  de  codage  a  Ion  -  
gueur  variable  (56),  pour  commuter  entre  les  -  
dits  jeux  de  codes  en  reponse  audit  signal  de 
commutation  afin  de  connecter  selectivement  so 
lesdits  jeux  de  codes  audit  moyen  de  codage 
a  longueur  variable  (56). 

55 
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